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ADAPTIVE SPREAD SPECTRUM 



Cross Reference to Related Applications 

The present appMcation may relate to co-pending 
application Serial No. 09/ \ (Attorney Docket No, 0325.00378) , 
filed concurrently, which is hereby incorporated by reference in 
its entirety. \ 

Field of the Invention 

The present invention relates to a method and/or 
architecture for generating a spread spectrum clock generally and, 
more particularly, to a method and/or architecture for generating 
an adaptive spread spectrum clock. 

Background of the Invention 

Electronic devices must meet maximum electromagnetic 
interference (EMI) radiation limits as specified by the United 
States Federal Communications Commission (FCC) and other comparable 
regulatory agencies in other countries. New FCC requirements call 
for personal computer (PC) motherboards to be able to pass 
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electromagnetic interface (EMI) tests "open box," so manufacturers 
will not be able to rely on the shielding provided by the case in 
meeting EMI requirements. 

An EMI suppression-enabled clock integrated circuit (IC) 
can reduce the system radiated EMI. The reduction in radiated EMI 
can result in dramatic cost savings for the system. Conventional 
techniques for reducing EMI include ground planes, filtering 
components, shielding, and spread spectrum modulated system clocks. 

In the spread spectrum technique, instead of 
concentrating all of a frequency reference's energy on a single 
frequency, the energy is spread out by modulating the frequency. 
The modulation results in the energy being spread over a frequency 
range, instead of being concentrated on one particular frequency. 
Since the FCC and other regulatory bodies are concerned with peak 
emissions, not average emissions, the reduction in peak energy due 
to spread spectrum modulation will help a product meet FCC 
requirements . 

Referring to FIG.l, a block diagram of a circuit 10 
illustrating a conventional phase lock loop based spread spectrum 
clock generator is shown. The circuit 10 generates a signal OUT in 
response to a reference signal REF. The circuit 10 comprises a 



0325.00377 
CD00071 

phase detector 12, a charge pump 14, a low pass filter 16, a linear 
voltage controlled oscillator (VCO) 18, a feedback divider 20 and 
a spread spectrum circuitry block 22 . The phase detector 12 has a 
first input that receives a reference signal REF and a second input 
that receives a feedback signal FEEDBACK. An output of the phase 
detector 12 presents a pump signal PUMP to an input of the charge 
pump 14 . The charge pump 14 generates a control signal VIN in 
response to the signal PUMP. The signal VIN is filtered by a low 
pass filter 16 and presented to an input of the linear VCO 18. The 
linear VCO 18 generates a signal OUT in response to the signal VIN. 
The signal OUT has a frequency that is linearly dependant upon a 
voltage level of the signal VIN. The signal OUT is presented to an 
input of the feedback divider 20. The feedback divider 2 0 
generates the signal FEEDBACK in response the signal OUT and a 
control signal SSM.. The signal FEEDBACK is presented to an input 
of the spread spectrum circuitry block 22. The spread spectrum 
circuitry block 22 generates the signal SSM in response to the 
signal FEEDBACK and a set of ROM codes 24. The frequency of the 
signal OUT is modulated in response to the signal SSM. 

Referring to FIG. 2, a line graph illustrating the. 
frequency of the signal OUT versus the voltage level of the signal 
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VIN is shown. The frequency of the signal OUT is linearly related 
to the voltage level of the signal VIN. Changes in the frequency 
of the signal OUT are related to changes in the voltage level of 
the signal VIN by a constant value. 

The set of ROM codes 24 of a conventional digital spread 
spectrum clock generator are optimized for a particular frequency. 
For good performance, a conventional spread spectrum clock 
generator requires a separate set of ROM codes for each frequency 
at which the spread spectrum clock generator will operate. In 
order to get the best EMI reduction, every applied frequency needs 
a unique set of ROM codes. A full range of applied frequency can 
vary from 50MHz to 170MHz. In order to cover the full range using 
conventional spread spectrum clock generating devices, at least 5 
devices are required. Each of the devices is configured to operate 
over a 10 MHz portion of the full range. However, the best 
performance is at the optimized frequency of the ROM codes of each 
device. The performance of the devices at other than optimized 
frequencies will be compromised. 

A set of spread spectrum ROM codes occupies a large 
portion of a spread spectrum device. Multiple sets of ROM codes 
requires large amounts of space. Without multiple sets of ROM 
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codes, the effectiveness of spread spectrum modulation is 
compromised as frequency changes. 

Referring to FIGS. 3a-3d, oscilloscope traces 
illustrating degradation of the spread spectrum modulation of the 
signal OUT at various frequencies. As the frequency of the signal 
OUT changes, modulation of the frequency of the signal OUT varies 
from an ideal profile (i.e., FIG. 3b). FIG. 3b illustrates the 
signal OUT having a mean frequency of 79 MHz. When the signal OUT 
has a mean frequency of 79 MHz, modulation of the signal FOUT 
follows an ideal profile for spread spectrum modulation. FIG. 3a 
illustrates changes in the modulation profile when the signal OUT 
has a mean frequency of 48 MHz. FIG. 3c illustrates the signal OUT 
having a mean frequency of 107 MHz. When the signal OUT has a mean 
frequency of 107 MHz, modulation of the signal OUT is similar to a 
triangle waveform. Referring to FIG. 3d, as the mean frequency of 
the signal OUT increases to 14 9 MHz, modulation of the signal OUT 
becomes sinusoidal. 

Another conventional approach that uses a single set of 
ROM codes for multiple frequencies is to adjust the bandwidth of 
the spread spectrum clock generator using an external low pass 
filter. The components of the external filter must be changed to 
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compensate for each change in frequency. However, the external low 
pass filter provides very limited improvement. 

A spread spectrum clock generator that uses a single set 
of ROM codes, requires no adjustment, and could generate any 
frequency in a wide range of frequencies, would be desirable. 

Summary of the Invention 

The present invention concerns an apparatus comprising a 
circuit that may be configured to generate a spread spectrum clock 
signal. The circuit may comprise a voltage controlled oscillator 
that may have an automatically controlled gain. 

The objects, features and advantages of the present 
invention include providing a method and/or architecture for 
generating an adaptive spread spectrum clock that may (i) provide 
all frequency spreading in one device, (ii) spread spectrum 
modulate any frequency of a continuous range, (iii) require only 
one set of ROM codes and/or (iv) automatically adjust a gain of a 
voltage controlled oscillator (VCO) in response to frequency 
changes . 
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Brief Description of the Drawings 

These and other objects, features and advantages of the 
present invention will be apparent from the following detailed 
description and the appended claims and drawings in which: 

FIG. 1 is a block diagram of a conventional spread 
spectrum PLL; 

FIG. 2 is a line graph illustrating a transfer function 
of a linear voltage controlled oscillator of FIG. 1; 

FIGS. 3a-3d are oscilloscope traces illustrating 
operation of the circuit 10 of FIG. 1; 

FIG. 4 is a block diagram of a preferred embodiment of 
the present invention; 

FIG. 5 is a more detailed block diagram of a preferred 
embodiment of the present invention; 

FIG. 6 is a line graph illustrating an example operation 
of a voltage controlled oscillator of FIGS. 4 and 5; 

FIG. 7 is a flow chart illustrating a process for 
determining a gain curve in accordance with the present invention; 
and 

FIGS. 8a-8d are graphs illustrating an example operation 
of a preferred embodiment of the present invention. 
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Detailed Description of the Preferred Embodiments 

Referring to FIG. 4, a block diagram of a circuit 100 
illustrating a preferred embodiment of the present invention is 
shown. The circuit 100 may be implemented, in one example, as a 
spread spectrum clock generating circuit for use in analog 
applications. The circuit 100 may have an input 102 that may 
receive a reference signal (e.g., REF) and an output 104 that may 
present a clock signal (e.g., FOUT) . The signal FOUT may be, in 
one example, a spread spectrum clock signal that has a mean 
frequency determined by the frequency of the signal REF. The 
circuit 100 may provide optimized spread spectrum modulation over 
a wide range of frequencies of the signal REF. 

The circuit 100 may comprise a circuit 106 and a circuit 
108. The circuit 106 may be, in one example, a control circuit for 
controlling the frequency of the signal FOUT. The circuit 108 may 
be implemented, in one example, as a voltage controlled oscillator 
(VCO) having an automatically controlled gain (e.g., Kvco) . In one 
example, the circuit 108 may have a non-linear gain. The circuit 
106 may receive the signal REF and the signal FOUT. The circuit 
106 may have an output that may present a signal (e.g., VIN) to an 
input of the circuit 108. The signal VIN may be a control signal. 
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The signal VIN may have a voltage level that may vary in response 
to the signals REF and FOUT. The circuit 108 may be configured to 
generate the signal FOUT in response to the signal VIN. 

Referring to FIG. 5, a more detailed block diagram of the 
circuit 100 is shown. The circuit 106 may comprise, in one 
example, a phase detector 110, a charge pump circuit 112, a low 
pass filter 114, a feedback divider 116 and a spread spectrum 
circuitry block 118. The signal REF may be presented to a first 
input of the phase detector 110. A feedback signal (e.g., 
FEEDBACK) may be presented to a second input of the phase detector 
110. The phase detector 110 may have an output that may present a 
signal (e.g., PUMP) to an input of the charge pump 112. The charge 
pump 112 may have an output that may present a signal to an input 
of the low pass filter 114. The low pass filter 114 may have an 
output that may present the signal VIN. The circuit 108 may be 
configured to generate the signal FOUT in response to the signal 
VIN. 

The signal FOUT may be presented to a first input of the 
feedback divider 116. A control signal (e.g., SSM) may be 
presented to a second input of the feedback divider 116. The 
feedback divider may have an output that may present the signal 



0325.00377 
CD00071 

FEEDBACK in response to the signals FOUT and SSM. The signal 
FEEDBACK may be presented to an input of the spread spectrum 
circuitry block 118. The spread spectrum circuitry block 118 may 
comprise a set of spread spectrum ROM codes 120. The set of ROM 
codes may have been optimized for a particular mean frequency of 
the signal FOUT according to predetermined criteria. The spread 
spectrum circuitry block 118 may be configured to generate the 
signal SSM in response to the signal FEEDBACK and the set of ROM 
codes 120. 

Referring to FIG. 6, a line graph illustrating an example 
relationship between the frequency of the signal FOUT and the 
voltage level of the signal VIN for the circuit 108 is shown. The 
gain Kvco of the circuit 108 may provide a non-linear relationship 
between the frequency of the signal FOUT and the voltage level of 
the signal VIN. In one example, the non-linear relationship may be 
represented as a parabolic function. However, the gain Kvco may be 
implemented accordingly with other second order or higher 
polynomial functions to meet the design criteria of a particular 
application. The gain Kvco may be, in one example, a function of 
the frequency of the signal FOUT (e.g., Kvco(f)). The function 
Kvco(f) may be determined, in one example, using a computer program 
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or other suitable means for simulating behavior of the circuit 100 
at various frequencies and various gains. 

Referring to FIG. 7, a flow chart illustrating a process 
for determining a gain function (curve) of the circuit 108 in 
accordance with the present invention is shown. The process of 
determining the gain function of the circuit 108 may have an 
initial step of determining input requirements for the set of 
spread spectrum ROM codes of the spread spectrum circuitry 118 and 
resistance and capacitance values of components in the low pass 
filter 116 (e.g., Rl, CI, C2 and CP(T), block 202). When the 
initial conditions have been determined, the next step may be to 
select an operating frequency for the circuit 108 (e.g., block 
2 04) . An iterative process may be used, in one example, to 
determine a best value for the gain of the circuit 108 for the 
selected operating frequency (e.g., Kvco(f)). 

A first step of the iterative process may be to set the 
gain of the simulated circuit 108 (e.g., Kvco(i)) to a minimum 
value (e.g., Kvco(min), block 206). Next, a model of the spread 
spectrum performance of a phase lock loop (PLL) implemented with 
the circuit 108 may be set up (e.g., block 208) . Behavior of the 
PLL may be simulated for a number of modulation cycles. In one 
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example, ten modulation cycles may be simulated (e.g., block 210) . 
When the number of modulation cycles have been simulated, an 
accumulated error deviation from an ideal modulation profile may be 
calculated (e.g., block 212). After determining the accumulated 
error deviation, a check may be made to see whether a maximum gain 
(e.g., Kvco(max)) has been reached (e.g., block 214). If the 
maximum gain Kvco (max) has not. been reached, then the gain 
parameter may be incremented by a predetermined delta gain (e.g., 
aKvco, block 216) and another iteration performed. The process may 
be repeated until the range of gains Kvco (min) -Kvco (max) may have 
been simulated, as indicated by the arrow to the block 208. 

When the maximum gain Kvco (max) has been reached, the 
process may branch to a determination of a particular gain Kvco(i) 
that generally produced a least amount of error (e.g., block 218) . 
After determining the gain Kvco(i) a check may be made to see 
whether a maximum frequency (e.g., f (max) ) for the particular 
application may have been reached (e.g., block 220). If the 
maximum frequency f (max) has not been reached, a next frequency may 
be selected and the process may be repeated for the next frequency. 
If the maximum frequency f (max) has been reached, the process may 
branch to a termination stage (e.g., block 220). The termination 
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stage may be entered, in one example, when a gain Kvco(i) has been 
determined for the frequencies in a predetermined range (e.g., 
50MHz-170MHz) . 

The function performed by the flow diagram of FIG. 7 may 
be implemented using a conventional general purpose digital 
computer programmed according to the teachings of the present 
specification, as will be apparent to those skilled in the relevant 
art(s). Appropriate software coding can readily be prepared by 
skilled programmers based on the teachings of the present 
disclosure, as will also be apparent to those skilled in the 
relevant art(s) . 

The present invention thus may also include a computer 
product which may be a storage medium including instructions which 
can be used to program a computer to perform a process in 
accordance with the present invention. The storage medium can 
include, but is not limited to, any type of disk including floppy 
disk, optical disk, CD-ROM, and magneto-optical disks, ROMs, RAMs, 
EPROMs, EEPROMs, Flash memory, magnetic or optical cards, or any 
type of media suitable for storing electronic instructions. 

Referring to FIGS. 8a-8d, oscilloscope traces 
illustrating the signal FOUT in accordance with the present 
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invention. The signal FOUT is generally illustrated having 
frequencies similar to the signal OUT as illustrated in the FIGS. 
3a-3d. A comparison of the FIGS. 3a-3d to the FIGS. 8a-8d 
generally shows that the present invention may provide improved 
spread spectrum modulation over a wider frequency range than a 
conventional spread spectrum clock generator. 

The present invention may provide a digital spread 
spectrum apparatus and/or method with analog spread spectrum 
capabilities. The present invention may comprise, in one example, 
a voltage controlled oscillator having an automatically controlled 
gain and a set of ROM codes. The set of ROM codes may be optimized 
for a particular frequency. When a selected VCO frequency is 
higher than the optimized frequency, the gain of the VCO may be 
adjusted higher. When the selected VCO frequency is lower than 
the optimized frequency, the gain of the VCO may be adjusted lower. 
A computer program may be used to model a spread spectrum clock 
generator in accordance with the present invention. The computer 
program may determined a gain curve that may describe the gain of 
the VCO as a function of output frequency. The VCO gain curve may 
be used to implement an adaptive spread spectrum clock generator 
that automatically adjust PLL behavior when frequency is changed. 
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An alternative embodiment may provide adaptive spread 
spectrum capability by adjustment of a charge pump current. 
However, charge pump current may be more sensitive and/or more 
difficult to control than the gain of a VCO. 

While the invention has been particularly shown and 
described with reference to the preferred embodiments thereof, it 
will be understood by those skilled in the art that various changes 
in form and details may be made without departing from the spirit 
and scope of the invention. 



